Introduction: Morphometric measurements of the corpus callosum (CC) are necessary to have normative values for studying sex, age and race related variations.
IntRODUctIOn
Anatomy of the corpus callosum (CC) has received renewed interest in recent years due to increasing number of callosotomies being performed to treat intraventricular lesions as well as for the treatment of some forms of generalized epilepsy.
1 Intraoperative callosal referencing can be made easy if some direct and readily identifiable landmarks can be found. There is therefore a need to have detailed morphometric measurements of CC available for ready reference.
Pathological changes in subcortical white matter secondary to diseases like Alzheimer's, multiple sclerosis or vascular dementia can also affect CC size and area. [2] [3] [4] Morphological deviations from normal may serve as an index for the presence and progress of various neuropathological conditions.
There have been a number of studies in the past to collect morphological data on human CC. These studies are both on autopsy specimens of brain, [5] [6] [7] [8] [9] [10] or in vivo magnetic resonance imaging (MRI) measurements of various CC indices and ratios. 3, 4, 8, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] Most of the studies have been performed in Caucasian population. However there are very few studies, on the size and shape of CC in the Asian or Indian population. 10, 22 The present study was conducted to determine the morphometric measurements of the CC in normal adult population in northwest region of India. This will give us normative data on CC morphology in the population under study and thus establish reference values for studying age, gender and racial differences. In addition, deviation from the normal parameters in various neurological diseases affecting the CC and relative structure can be studied.
MetHODs
This study was carried out in the Department of Anatomy, Government Medical College and Hospital, Chandigarh, over a period of two years from October 2003 to September 2005. It was designed as a crosssectional descriptive study.
The study material consisted of two different groups:
A. Preserved (formalin fixed) brain specimens
B. MRI brain scans
In both the sets, adult human brains/MRI scans from age 20-60 years in both males and females were studied. The brain specimens as well as MRI scans were of people with no intracranial mass, head injury or recorded brain pathology. The same measurements were taken in both the sets. Ethical clearance was obtained from the college ethical committee. The data in each set of specimens was analysed. Values obtained were compared with each other. A statistical analysis was done using unpaired t-test.
A. Preserved brain specimens: 44 (22 males and 22 females) normal adult brains were obtained from preserved cadavers. The cadavers were preserved routinely for use in dissection hall. The gender, age and available medical history were noted from the records. Sagittal section of brain was done from front to back with the cut passing through septum pellucidum. Various callosal distances and dimensions, as mentioned below, were measured with the help of a vernier caliper. All measurements were made twice and the mean value for each parameter was recorded (Fig.1) . (Fig.2) .
The following sets of measurements were taken (Figs. 3 and 4):
1. Length of corpus callosum (Lc): from anterior most point of CC to its posterior most point.
2. Maximum width of body of corpus callosum at mid point (W).
3. Maximum width of rostrum (Wr).
4. Maximum width of splenium (Ws).
5. Height of corpus callosum (Hc): A line was taken through inferior most points of rostrum and splenium.
Another line parallel to this was taken through the top most point of CC. Distance between these two lines was recorded as height of CC.
6. Maximum and minimum width of body of CC (Wmax and Wmi)
7. Maximum width of anterior half of CC body (excluding genu) (WBA).
8. Maximum width of posterior half of CC body (excluding splenium) (WBP).
9. G-F Length: Distance between anterior edge of genu to anterior edge of columns of fornix.
10. G-C Length: Distance between anterior edge of genu to anterior edge of anterior commissure.
11. S'-Sc Length: Distance between anterior edge of splenium to superior most point of superior colliculus.
12. Shortest distance from anterior most point of CC to cortical surface (A-S). 
ResULts

A. Preserved brains:
The average length of the CC in males was 6.98 cm. In females the mean length of CC was 6.86 cm. Height of CC (Hc) in males was 2.15 cm. while in females the corresponding values was 1.92 cm. The maximum width of CC (Wmax) in males was found to be 0.90, while the female value for Wmax was 0.86 cm. The splenial width was 1.12 cm in males and 1.01 cm in females.
The distance between genu and fornix (G-F) was found to be 2.44 cm in males; in females the corresponding value was 2.29 cm. The distance between splenium and superior colliculus (S'-Sc) was 0.86 cm in males and 0.67 cm in females.
Various ratios calculated were the ratio of width of splenium and length of CC (Ws/Lc), maximum width of CC at midpoint and length of CC (W/Lc) etc. The ratio between length of CC and length of brain (Lc/LB) was found to be 0.45 in both sexes (Table 1) .
b. MRI group:
The length of CC was 7.57 cm. while the corresponding value was 7.1 cm in females. The height of CC was found to be 3.27 cm in males; the female value for the height of CC was 2.59 cm. The values for Wmax were 0.8 cm in males and 0.85 cm in females.
The splenial width was 1.15 cm in males and 1.17 cm in females.
The distance G-F was 3.01 cm in males, while the G-F value in females was 2.73 cm. S'-Sc measurement in males was 0.82 and the female value for S'-Sc was 0.72 cm.
The values for ratio Lc/LB were 0.46 in males in both the age groups while in females this ratio was 0.47 (Table 1) .
DIscUssIOn
Corpus callosum has been the focus of fair amount of research and debate, especially its morphology in relation to various aspects of cerebral function. In recent years, most of the available studies have been carried out on MRI scans, 3, 4, 8, [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] [22] [23] while relatively few studies are based on formalin-fixed autopsy brain specimens.
5-10
Most of the studies of CC measurements have been performed on Caucasian samples, 3, 4, 7, 11, 15, 20, 21, 24, 25 there are very few studies on normative data of CC in Indian population. Apart from the present study, we could come across only two Indian studies on CC measurements: one on preserved brain, 10 and the other on MRI scans.
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In the study by Banka and Jit, 10 the parameters studied were the mid sagittal CC area and the length of CC while Suganthy et al., 22 studied the length, width of rostrum, splenium and at midpoint CC, as well as the length of the brain. In the present study a large number of additional parameters of CC morphology as well as distances from relevant surrounding brain structures have been measured. In addition various ratios as mentioned previously have also been studied. This has yielded an extensive data to serve as a baseline for future studies.
A. Preserved brains:
Length of cc (Lc):
In the present study the length of CC in the preserved brain group was 6.98 cm in males and 6.86 cm in females. These values are very close to those reported in the other North Indian study on formalin fixed brain specimens (7.2 cm in males and 6.9 cm in females), 10 but less than the observed values in two studies on Caucasian brain specimens; Witelson et al., 7 reported an average value of CC as 7.39 cm in males and 7.14 cm in females while Going and Dixson, 8 reported the length of CC to be 7.59 cm males and 7.41 cm for females (Table 2) .
splenial Width (Ws):
In preserved brain specimens the splenial width in males in the present study (1.12 cm) was within 1mm to that reported by Holloway et al. in all three of his population groups: Columbian (1.07 cm), Mt. Sinai (1.21 cm) and Australian Aboriginal (1.03 cm). 9 Another autopsy-based study reported splenial width of 1.14 cm in males. 5 The values in the present study were however less than those reported for Caucasian males by Weber & Weis (1.72 cm) and Witelson (1.33 cm). 6, 7 The splenial width in females in preserved brain group of the present study was 1.01 cm. This was less than the values reported for females in all other autopsy based studies consisting mostly of Caucasian brain samples (Witelson, 7 -1.27 cm), (Holloway et al., 1.14 cm, 1.26 cm and 1.17 cm in their three groups) and (Weber and Weiss, 6 1.77 cm) ( Table 2) .
Width of cc:
The width of CC in males in the preserved brain group in the present study (0.65 cm) was similar to that reported by Witelson among Caucasian males (0.69 cm). However the width CC in females (0.57 cm) in the present study was less than the values (0.64 cm) reported by this author ( Table 2 ).
The height of CC in the preserved brain group was 2.03 cm, similar to the value (1.97cm) observed in another study on preserved brains by Goncalves-Ferreira et al. (Table 2 ).
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Distances:
The distance between the genu and fornix (G-F) was 2.37 cm and that between genu and anterior commissure (G-C) was 2.6 cm in the preserved brain group in the present study. These values were less than those reported by Goncalves Ferreira et al. (G-F: 3.15 cm, G-C: 3.35 cm). 1 However the relative distances of G-F and G-C in relation to the CC length were almost similar in both these studies.
The distances from the frontal pole to the anterior most point of CC (F-A) and occipital pole to the posterior most point of CC (O-P) were also measured. Observed values for F-A were 3.54 cm and O-P was found to be 5.63 cm. These measurements for F-A and O-P were not found in available literature except in Gray's anatomy, 26 where the values cited are about 4 cm (F-A) and 6 cm (O-P) respectively but type of brain specimens used for measurement is not mentioned. Distance between splenium and superior colliculus (S'-Sc) measured for the first time in this study was 0.76 cm in preserved brain group.
Ratios:
The values of ratio of width to length of CC in the preserved brain group (present study) were similar to those reported by Witelson 7 in both the sexes in their autopsy study; however they were less than the values observed by Going and Dixson (Table 2 ). 8 
C. MRI Group:
Length of cc (Lc):
In the MRI scan group the length of CC in males (7.57 cm) in the present study was found to be a little more than the length (7.26 cm) reported in another MRI based study from south India by Suganthy et al.,
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(7.26 cm), while in females the length of CC was found to be similar in these two studies (7.1 cm in present study and 7.06 cm in the study on sample of South Indian population). On comparison with other MRI based studies, the length of CC measured in this study was close to that reported in Caucasian population (7.49 cm), 1 while it was definitely more than the observed values in two Japanese reports 7.11 cm and 6.96 cm (Table 3) . 13, 23 splenial Width (Ws):
The splenial width measurements in the MRI group of the present study (1.15 cm for males and 1.17 cm for females) were similar to measurements for splenial width in the south Indian study, (Suganthy et al., 22 1.12 cm for males and 1.14 cm for females). These splenial width measurements were more than the values in the Japanese MRI based study, (Takeda et al., 23 0.99 cm for both males and females) but less than those reported in a Caucasian study using MRI scans, (Luders et al., 21 1.99 cm for males and 1.76 cm for females). However another MRI report on splenial width in a Caucasian population reported values of 1.07 cm for males and 1.15 cm for females which are similar to the present study (Table 3 ).
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Width of cc:
In the MRI group the values for width CC were a little more than those reported in south Indians. 22 No comparative Caucasians MRI based values for this parameter were available.
The width of the rostrum (1.12 cm) in the MRI group was similar to that observed by Suganthy et al. while it was more than Japanese brains (Takeda et al. 23 --0.99 cm) ( Table 3) . 22 The minimum width of CC (0.46 cm) in the present study (MRI group) was more than that reported by Okamoto et al. --0.3 cm) while the maximum width of CC was similar in both these MRI groups (0.82 cm and 0.9 cm respectively).
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Height of cc (Hc):
In the MRI group the height of CC in males in the present study (3.27 cm) was significantly more than the values observed in a Japanese population, (Takeda et al. -2.59 cm). 23 The height of CC in females (2.59 cm) was however similar to the Japanese study (2.58 cm). Goncalves Ferreira et al. also found the height CC to be 2.55 cm in the MRI group; the gender differences were not specified (Table 3) .
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DIstAnces
In the MRI group, there was a remarkable similarity in the values of G-F and G-C between the present study and those measured by Goncalves Ferriera et al. by the MRI method. 1 The distances from the frontal pole to the anterior most point of CC (F-A) and occipital pole to the posterior most point of CC (O-P) were found to be 3.52 cm. and 6.5 cm. respectively. Distance between splenium and superior colliculus (S'-Sc) in the MRI group was 0.78 cm.
Some of the values obtained in the present study (width of CC and width of splenium, in preserved brain group) were comparable to Caucasian population, 7 while most of the values (length and height of CC and widths of splenium and rostrum-MRI group) are more than those reported for Japanese population. 23 It therefore, becomes imperative to have normative data available for various racial and other groups, for comparison with normal as well as pathological anatomy
In the present study, a large number of CC parameters, distances and ratios have been measured. In most of the studies available in the literature, relatively few CC parameters have been analysed and there is no uniformity in methodologies used. This makes a comparative analysis difficult. Many of the parameters have been measured only in the present study and therefore, comparative data was not available.
There are subtle differences in certain CC measures and ratios in different groups. The differences observed might be because of difference in racial as well as ethnic populations in different study groups, which is well documented for brain morphology. For example a study on groups of 'American-Indian', 'Black' and 'White' subjects reported that the degree of right-left asymmetry in the frontal and occipital lobes varied with race. 27 The results reported by Bean suggested that the splenial area relative to the total callosal area may be larger in 'negroes' than Caucasians.
cOncLUsIOns
The values of different CC parameters observed were almost similar to the values reported in the other two Indian studies. However, there were differences from the values documented in Caucasian and Japanese population.
This normative baseline data on CC morphology with age, gender and racial difference may also serve as an index for the presence and progress of various neuropathological conditions affecting CC. The present study has also yielded data on the various distances from various parts of the brain to the nearest point on CC which again may be useful to the neurosurgeon planning surgery through these corridors. 
